The expression of secondary ornaments is often positively correlated with the bearer's condition. So far no study has reported on consequences of directional selection on male sexual ornaments in birds, i.e. it is unknown to what extent male sexual traits are genetically correlated and whether selection for secondary ornaments affects viability. In this study we estimate phenotypic and genotypic parameters of three male sexual traits, namely comb size, spur length and testes mass, by using two different lines of domestic chickens (Gallus domesticus). One of the two lines had been artificially selected for large comb size during nine generations whereas the other line was a randomly mated control line. As a result of the selection, male comb size was almost doubled. Data from the selection line indicate that comb size was negatively genetically correlated with testes mass and spur length. The cockerels from the selection line had accordingly lighter testes and shorter spurs than cockerels from the control line. A simple mate choice experiment with females and males from both lines indicated that preferred males had a larger joint expression of comb size and spur length than nonpreferred males. Data from three different selection lines, all with enlarged comb size, clearly reveal a negative effect of comb size on male viability.
Introduction
Much recent research has focused on the evolution of male sexual ornaments and the correlations between male condition-dependent ornamentation and female mate choice (Kirkpatrick & Ryan, 1991) .
Theoretical analyses have emphasized the importance of phenotypic plasticity as a prerequisite for the condition-dependent expression of ornaments (Andersson, 1986; Grafen, 1990a,b) . Assuming that, for example, age, infectious diseases and other extrinsic and intrinsic factors affect the individual's condition it follows that the degree to which an ornament is expressed will vary during the individual's life span. Accordingly, many studies have pointed out that sexual ornaments often are more *Correspondence variable, both for measures of repeatability and coefficients of variation, than other morphological characters (Alatalo et al., 1988; Zuk et a!., 1990b; Wittzell, 1991a) and that the expression of these ornaments in some cases correlates with, for example, parasitic load (Hillgarth, 1990; Milinski & Bakker, 1990; Zuk et al., 1990a; MØller, 1991a) and viability (Göransson et al., 1990; Møller, 1991b; Grahn, 1993) .
The relative contributions of additive and nonadditive components to the phenotypical variation of male sexual ornaments is seldom measured in birds. Some studies have found only low heritabilities of male ornaments that affect female mate choice (Wittzell, 1991a; Johnson et a!., 1993) whereas other studies have reported significant heritabilities of such ornaments (Møller, 1989b (Møller, , 1991a Hill, 1991) . So far no study has reported on the consequences of 518 directional selection on a male sexual ornament, e.g. it is unknown to what extent male sexual traits are genetically correlated and whether selection for an ornament affects viability.
The red jungle fowl (Gallus gal/us) belong to the family Phasianidae within the order of Galliformes. Male ornaments that have been particularly focused on in studies of Phasianidae are the comb of the jungle fowl and the spurs of the pheasant (Phasianus coichicus). The size and colour of the males' comb were affected by the parasitic load in the red jungle fowl. Males with larger combs had not only fewer parasites but were also more preferred in the females' mate choice (Zuk et al., 1990a,b) . In pheasants it has been demonstrated that male spur length correlates positively both with male viability (Göransson et a!., 1990; Wittzell, 1991a; Grahn, 1993) and with female mate choice (von Schantz et al., 1989) .
The red jungle fowl is considered to be the wild ancestor of domestic chicken (Gal/us domesticus) (Kruijt, 1964) . In the present study we estimate phenotypic and genotypic parameters of three male sexual traits, namely comb size, spur length and testes mass. Two lines of White Leghorn were used in this comparison. One of the two lines has been artificially selected for large comb size during nine generations (line S) whereas the other line was a randomly mated control (line C) with the same origin as the selection line. The relations between morphology, inbreeding and mortality are also analysed. In these latter comparisons we also used two additional selection lines of White Leghorn (lines E and H) , both of which have a larger comb size than the control line.
We also performed a mate choice experiment with a sample of males and females from lines S and C to see if comb size is a character that is of significance for female mate choice in the domestic chicken as is the case for the red jungle fowl (Zuk et a!., 1990b) . The domestic chickens in this study have been bred with artificial inseminations without any active female choice during at least 25 generations. It therefore seemed necessary to confirm that the male comb is an intersexually selected character also in the White Leghorns used in this study.
Materials and methods

Lines of White Leghorn
Together with a pharmaceutical company, the Swedish University of Agricultural Sciences is undertaking a project concerning genetical developThe Genetical Society of Great Britain, Heredity, 75, 518-529. ment of production of hyaluronic acid from cockerel combs. The breeding stock was obtained from White Leghorn lines in the Scandinavian selection and crossbreeding experiment with laying hens, as previously described by Liljedahl et a!. (1979) . At the start of the project in 1984, four lines were created excluding the control line which was housed externally during the first three generations. At the time of this study the selection had continued for nine generations. The generation interval was 42 weeks for the first seven generations and then changed to 52 weeks over the last two generations.
In the present study we used two of these lines to measure phenotypic and genetic parameters of morphological traits, one of the selected lines and the control line. The selected line (S) has been selected for comb size at 29 weeks of age and the control line (C) has been randomly mated over all nine generations. The relations between morphology, inbreeding and mortality were also analysed for the cockerels in lines S and C. In addition to these two lines we also used data from two other selection lines in the breeding project (E and H) to reveal effects of comb size on viability. Line E has been selected for comb size at 23 weeks of age and line H has been selected for concentration of hyaluronic acid in the combs. Data from lines E and H are used for analyses of phenotypic effects on mortality.
For each generation all chicks were hatched and raised simultaneously under identical conditions. The chicks were sexed and raised in a cage system under ordinary recommended conditions. At 14 weeks of age the chicks were moved to a separate house where the cockerels were kept in pairs in cages for laying hens, modified in height. The hens were placed in single hen cages for layers. The animals were fed ad libitum with a mixture that was similar to commercial layer food. Mortality for both cockerels and hens was measured after 14 weeks of age in each of generations 7-9. In the ninth generation, line S consisted of 375 male offspring (14 weeks old) from 20 sires and 104 dams and line C consisted of 83 male offspring (14 weeks old) from 59 sires and 61 dams.
Male comb size and body mass were measured at 16, 23 and 29 weeks of age. Height and length of the comb were measured in millimetres using a ruler and the product used as an approximation of comb size. Comb size has been measured in all generations.
The length of the cockerels' spurs in the ninth generation in lines S and C was measured at 29 and 52 weeks of age. The distance between the tip of the spur and the distal edge of the tarsus was measured to the nearest 0.1 mm with a caliper. This measure minus the diameter of the tarsus just above the spur was used as a measure of spur length. At 29 weeks of age only the spur on the left tarsus was measured.
At 52 weeks of age the spurs on both tarsi were measured and the mean value was used in the analysis.
The inbreeding coefficients were taken from the diagonal of the relationship matrix, where each diagonal element represents Wright's (1922) coefficient of inbreeding for each animal, respectively. The computing strategy used is described by Quaas (1976) .
At the termination of the spur length measurement at 52 weeks of age, 40 cockerels and 20 hens from each of lines S and C were randomly selected for a subsequent mate choice experiment (see below) . No further morphological measurements were taken from these animals and all mortality that occurred after this date was ignored in the present analysis. The remaining cockerels, 240 from line S and 37 from line C, were slaughtered at the age of 55 weeks and the total mass of their two testes measured (g).
At the age of 29 weeks, when the first spur length measurement was taken, 350 cockerels from 20 sires and 104 dams and 79 cockerels from 59 sires and 61 dams were alive in lines S and C, respectively. As only one or two cockerels from each sire were raised in line C all genetic analyses were made on the line S cockerels. Genetic parameters were estimated by the method of least squares analysis of data with unequal subclass numbers, using the LSMLMW of Harvey (1985) . Heritabilities and genetic correlations were estimated from the variance and covarlance components between sires.
The following statistical model was used for estimating the genetic parameters (Harvey, 1985) :
where Y,Jk is the observation of the kth individual of the jth dam within the ith sire, /1 is the general mean, s is the effect of the ith sire, d, is the effect of the jth dam within the ith sire, and ejk is the residual random term.
In the selection line (S) a negative variance was estimated between sires for comb size at 29 weeks of age. Therefore no genetic parameters involving this trait were estimated.
The statistics of observed (phenotypic) values, inbreeding coefficients and mortality are according to SYSTAT (Steinberg & Colla, 1991; Wilkinson, 1992) . Probability tests are two-tailed. Logistic regression analyses were performed in the LOGITmodule of SYSTAT (Steinberg & Colla, 1991) using the likelihood ratio test (Hosmer & Lemeshow, 1989 ) for probability tests. Multivariate general linear models were performed in the MGLHmodule of SYSTAT using SAS type III sums-of-squares (Wilkinson, 1992) . Interactions between predictor variables were not significant.
Trials of female mate choice
Twenty females and 40 males from each of the selection line S and the control line C, i.e. 120 birds in all, were used in the mate choice trials. All birds were 52 weeks old and none of them had been in visual contact with the other sex prior to the experiment. The experimental set-up was designed to resemble that of Zuk et a!. (1990b) in their experimental study of mate choice in the red jungle fowl. Females were put in a 50 m2 outdoor enclosure and males were placed in pairs, not mixing males from the two different lines, in small compartments (2 m2) next to the main enclosure. The birds were allowed to acclimatize in their new environment for 4 weeks. A test arena was made from wooden boards assembled in a T-shape, forming two compartments (Zuk Ct al., 1990b) . For the trials one male from each line was picked at random and tethered in the inner corner of the individual compartment. The males were separated by a wooden board and the tethering string allowed natural movements but no visual contact with the other male. One female from either the selection line or the control line was placed in a pen facing the two males. Hence, the female had full view of the two males and the males could see the hen but not each other.
The behaviour of males and females was observed through a window from a room next to the test arena. A device was arranged so that the pen housing the female could be opened by pulling a string from the observation room. After 15 mm the female was released from the pen. The female was allowed a closer inspection of the cockerels for an additional 15 mm. Hence, each mate choice trial lasted a total of 30 mm during which the observer noted the numbers of crows and 'tidbittings' (when the male picks at the ground and makes small noises; Zuk et al., 1990b) performed by the males. The females' mating behaviour was scored in three classes; none, affiliating (the female did clearly associate with one of the males) and soliciting (the female crouched on the ground in front of the male; Zuk et a!., 1990b). We did not observe any copulation during these trials. Each bird was only used once in the mate choice trials, three females of each of the two lines
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died before the onset of the trials. Hence, a total of 34 trials was performed.
Resufts Phenotypic parameters
As a consequence of the selection, comb size was significantly larger for line S than for line C at all ages (Table 1) . Selection on large comb size in nine generations resulted in an almost two-fold increase in comb size. The males of line S were also heavier than those of line C at the ages of 16 and 23 weeks. However, at the age of 29 weeks the average body mass of both lines was almost identical (Table 1) . In contrast to comb size, the spurs were longer in the control line than in the selection line (Table 1) . In addition, the cockerels in line C had heavier testes than those in line S (Table 1) .
The phenotypic correlations between comb size and body mass showed a different pattern for the two lines of cockerels (Tables 2 and 3 ). Comb size of the control line males did not correlate phenotypically with body mass at any of the ages (Table 3 ). In contrast, among cockerels in line S, comb size and body mass were positively correlated at each of the three ages (Table 2) . However, although comb size in the selection line correlated positively with body mass when the cockerels were 16 weeks old, the phenotypic correlations were negative between comb size at the age of 16 weeks (CS16) and body mass measured at the ages of 23 and 29 weeks (Table 2) .
Such a shift in the relation between comb size and body mass was not present in the data on comb size from weeks 23 and 29 (Table 2 ). The negative correlations between CS16 and subsequent body mass measures (BM23 and BM29) are not the result of differential mortality as only individuals that were alive at week 29 are included in the analysis. Hence it is the same sample of individuals that are remeasured in this analysis. It therefore seems likely that those cockerels in the selection line that had developed a large comb at an early stage of their lives (at week 16) increased less in body mass later on. This notion is supported by a multiple regression analysis showing that the change in body mass between weeks 16 and 29 among cockerels in line S was negatively correlated with CS16 even when the effect of BM16 was partialled out (Table 4 ; partial r = -0.52, N 349, P <0.001).
There were no consistent phenotypic correlations between comb size and spur length or comb size and testes mass in either of the two lines (Tables 2 and   3 ).
Spur length (SL29 and SL52) and body mass (BM23 and BM29) were significant phenotypic predictors of testes mass in line S (Table 2 ). In the control line, SL52 was a significant phenotypic predictor of testes mass (Table 3) .
The inbreeding coefficient was significantly larger in line S ( = 0.107, SD = 0.033) than in line C ( 0.006, SD = 0.013, t = 428, P <0.001). In no case did the inbreeding coefficient correlate with any phenotypical character (Tables 2 and 3 ). 
Genetic parameters
Genetic correlations in line S between comb size, spur length and testes mass are given in Table 5 . The estimated heritabilities were fairly high for all characters measured except for CS23 which was surprisingly low compared with previous results which have yielded estimates ranging between 0.3 and 0.4 in all generations (Tulvesson et a!., 1993).
Although we found no phenotypic correlations between comb size and spur length at any age, these characters appeared to be negatively correlated genetically (Table 5) . Comb size at all ages also seemed to be negatively genetically correlated with testes mass ( Table 5 ). Note that the standard errors are substantial in these correlations. In contrast, the genetic correlations between spur length and testes mass were positive and had only small standard errors (Table 5) .
Mortality
Thirteen per cent of the cockerels in line S that were alive at week 29 had died by week 52 whereas none of the cockerels belonging to line C died during the same period. It seems that the cockerels of the selection line were less viable than those of the control line. The same pattern with an increased mortality among the cockerels of line S is also found in the two previous generations (Table 6 ). The data in Table 6 also indicate that the females of the selection line did not suffer from an overall increased mortality in comparison with the males and females of the control line. Labels as in Table 2 . The values in the diagonal denote the heritabilities of the characters. The values below the diagonal express the genetic correlation between two characters. Standard error estimates are given within parentheses. The analyses are based on variance-and covariance components between sires (number of sires was 20). The total number of offspring (N) is 350 unless otherwise stated. Computations could not be performed for CS29 as this variable yielded a negative variance (Harvey, 1985) .
tN= 304, N= 237. 
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Data are from generations 7-9. Survivors are those cockerels that were alive by week 47 in the 7th generation, by week 60 in the 8th generation and by week 52 in the 9th generation. Mortality is measured binarily ('0': survivors, '1': nonsurvivors). The analyses are based on logistic regression with generation as main effect and CS16 (mm2), BM16 (g) and inbreeding coefficient as covariates (Steinberg & Colla, 1991) . Probability tests are according to the maximum likelihood ratio test (Hosmer & Lemeshow, 1989) .
A comparison within line S between cockerels that died or survived between weeks 29 and 52 revealed that the survivors: (i) had increased more in weight between weeks 16 and 29 and were heavier at week 29; and (ii) had longer spurs at week 29 (Table 7) . The inbreeding coefficient did not differ between the survivors ( = 0.106, N = 304) and the nonsurvivors (. = 0.106, N = 46) in this comparison; nor was there any difference in comb size between the survivors and the nonsurvivors in this sample from line S (Table 7) . Some mortality had already taken place before week 29 and data from these cockerels are not included in Table 7 .
As mentioned above, CS16 was negatively correlated with the increase in body mass between weeks 16 and 29 in line S when controlling for the effect of BM16 (Table 4) . Logistic regression analyses including all cockerels in the three selection lines S, E and H from generations 7-9 that were alive by week 16
show that those individuals that died later on had larger comb size at week 16 than those that survived until they were slaughtered (at the age of 47-60 weeks; Table 8 and Fig. 1) . Hence, cockerels that had developed a large comb at an early age suffered from increased mortality later on. CS16 did not differ between survivors and nonsurvivors in line C (Table 8 and Fig. 1 ). It should be noted that line H has been selected for concentration of hyaluronic acid in the comb and not for increased comb size, as has been the case for lines S and E. Yet the comb size at 16 weeks of age in line H has increased to some extent because of selection in comparison with the control line (Fig. 1) .
Logistic regression analyses revealed no difference in inbreeding coefficients between survivors and nonsurvivors in generations 7-9 in any of the lines (S, E, H and C) ( Table 8) . (CS16) for survivors (open bars) and nonsurvivors (hatched bars) in a two-way analysis of covariance with mortality and generation as main effects and BM16 as covariate (Wilkinson, 1992) for generations 7-9 in the three selection lines (S, E and H) and the control line (C). The standard errors of the least square means are given at the top of each bar and the total number of individuals in each group is given under the bars. Survivors are those cockerels that were alive by week 47 in the 7th generation, by week 60 in the 8th generation and by week 52 in the 9th generation.
Female choice
Within the mate choice trials, males of line S had significantly larger combs (CS29, i difference = 6,376 mm2, F1,66 = 102, P<0.001) and shorter spurs (SL52, i difference = 2.4 mm, F1,66 = 6.61, P = 0.012) than the males from line C. CS29 was negatively correlated with SL52 (r= -0.248, N= 68, P= 0.041). The two male lines did not differ in body mass, crowing, courtship behaviour, body and comb condition at the trials (data not shown). Of the 11 females belonging to line S that selected a male, eight preferred line S males and three favoured males of line C. The 14 line C females that made a choice selected a line S male in 10 cases and a line C male in four cases. Hence, in 18 cases a line S male was preferred by the females compared with seven for line C males; this difference deviated significantly from a random preference (P = 0.04, two-tailed binomial test). Preferred males had larger comb size than nonpreferred males ( difference = 3,013 mm2, F1,48 = 7.524, P = 0.009). Preferred and nonpref erred males did not differ in spur length (1 difference = -0.67 mm, F1,48 = 0.402, P = 0.53). However, in a geometric mean regression analysis (Sokal & Rohlf, 1995) between CS29 and SL52, preferred males had significantly higher residual values than nonpref erred males (F1,48 = 6.026, P = 0.018). Hence, preferred males had a larger joint expression of comb size and spur length than nonpreferred males.
Discussion
Comb size, a sexual ornament that is important for female choice in Gallus (Zuk et al., 1990b ; this study), was experimentally increased by artificial selection (Table 1) . Artificial selection on comb size resulted in negative responses in other sexual traits, i.e. spur length and testes mass (Table 1 ) and in a reduction of male viability. The results indicate that there may be genetic trade-offs between different sexual traits (Table 5 ) and that there are genetic as well as environmental mechanisms that relate the variation in comb size to male viability. Given an additive variation in genetic quality it is obvious that mate choice can increase offspring fitness even in systems without parental care (Hamilton & Zuk, 1982; Andersson, 1986; Grafen, 1990a,b;  but see Kirkpatrick & Ryan, 1991) . As individuals can rarely examine their partner's genotype directly they have to rely on phenotypical cues, e.g. vigour or external characters that correlate with vigour. Some of these condition-related characteristics may be momentarily expressed signals that are particularly exposed in the males' sexual display, such as erected wattles or vigorous behavioural displays at Iekking sites. These traits are likely to reveal the males' instant condition which directly can affect the fecundity or survival of females, e.g. through the males' ability to fertilize the females' ova or through the risk of transmission of infectious diseases from acutely afflicted males (Kirkpatrick & Ryan, 1991) .
In birds such 'display traits' rarely correlate with male mating success in a quantitative sense (Bradbury & Davies, 1987) but may often be necessary stimuli for females to accept copulation (Andersson, 1991) . Other male secondary sexual traits are more or less permanently expressed without any direct behavioural inducement. In birds, many of these ornaments have been found to correlate with female choice (e.g. different tail characteristics (Andersson, 1982; MØller, 1988; Hoglund et a!., 1990 Hoglund et a!., , 1992 and plumage traits (Norris, 1990) ) and with male viability as well (e.g. male spur length (von Schantz et al., 1989) and comb size (Zuk et a!., 1990a) , length of tail feathers (MØller, 1991b) and plumage colour (Hill, 1991) ). To date a few of these studies have reported on significant heritabilities of viabilitybased male secondary ornaments (Hill, 1991; Møller, 1991a; Norris, 1993) . The data presented in the present study demonstrate a case of additive genetic variation in a male ornament.
The Genetical Society of Great Britain, Heredity, 75, 518-529. Genetic trade-offs, or antagonistic pleiotropy, between different traits is often suggested to be one reason for the maintenance of genetic variation for characters that affect fitness (e.g. Falconer, 1981; Rose, 1982; Hoffman & Parsons, 1989; Partridge & Fowler, 1993) .
In the selection line comb size appeared to be negatively genetically correlated with spur length (Table 5 ). However, the estimated genetic correlations have large standard errors (Table 5 ) and it should be noted that estimates of genetic correlations are commonly associated with large sampling errors (Falconer, 1981) . The fact that cockerels that were selected for large comb size in line S had shorter spurs than cockerels from the unselected control line (Table 1) A common ingredient in recent models of sexual selection is that the ornament should confer a 'handicap' to its bearer to ensure the conditiondependent expression of the ornament (Andersson, 1986) . The rationale is that it is only individuals of high phenotypic condition that can afford the cost of expressing an exaggerated ornament. The reason why female choice can not induce an evolution of 'noncostly' sexual ornaments is that females choosing among potential mates are selected to avoid being deceived by cheating males signalling a higher quality than they actually have (Zahavi, 1975 (Zahavi, , 1977 Kodric-Brown & Brown, 1984) . In the case of condition-dependent ornamentation, the males are expected to carry an ornament of a size that is optimized in relation to their condition (Andersson, 1986; Grafen, 1990a,b) and hence males of better quality would possess larger sized ornaments. Such a positive correlation between viability and ornamentation has now been found in a number of studies (MØIler, 1989a; Göransson et a!., 1990; Hill, 1991; Grahn, 1993) .
Data presented here indicate that there is a cost associated with the expression of comb size. There was a weak negative genetic correlation between comb size and testes mass among cockerels from line S ( Table 5 ). The average testes mass of the cockerels from line S was accordingly lower than that of the cockerels from the control line (Table 1) . Testes size in birds is directly correlated both with sperm production and the males' ability to insem-C The Genetical Society of Great Britain, Heredity, 75, 518-529. mate the females successfully (Burrows & Titus, 1939; Martin & Dziuk, 1977; Brillard & de Reviers, 1985) and with male territoriality (Tsuij et al., 1992) .
Costs in terms of reduced survival for an exaggerated male trait have been found in a few nonexperimental studies (Endler, 1980; Tuttle & Ryan, 1981) and in one case it has been experimentally demonstrated that increased ornamental size reduced the survival of the bearer (MØller, 1989a) .
Several analyses (Tables 6-8 , Fig. 1 ) indicate that there is a viability cost associated with the expression of the comb. Undoubtedly inbreeding has an effect on mortality in general (Falconer, 1981) but our data (Table 8) indicate that inbreeding has only a minor influence on the viability cost associated with the comb size at 16 weeks of age found in the three selection lines. Comb size at this age was significantly larger for individuals that died later on in comparison with those cockerels that were recorded as survivors in each of the three selection lines (Table 8 and Fig. 1 ). The fact that these correlations are significant in all of the three selection lines makes it unlikely that the negative effect of CS16 on viability is the result of genetic drift.
It appears therefore that the cockerels in the three selection lines express a comb size that cOnfers a net cost in terms of overall condition. In contrast, cockerels from the control line are more likely to express their comb size in accordance with their phenotypical condition. Hence, although we did not find any positive relationship in line C between comb size at 16 weeks of age and viability in this study, where the cockerels were raised under conditions designed to maximize survival, we would expect to find a positive relationship between survival and comb size among line C males if they had been living in a natural environment (Zuk et a!., 1990a) .
Previous studies on a natural population of pheasants have reported a positive phenotypic correlation between spur length and viability (Göransson et al., 1990; Wittzell, 1991b; Grahn, 1993) . Such a relationship was also found among the cockerels in the selection line (Table 7) . Although there was a correlated response of reduced spur length because of selection for large combs in line S (Table 1) , spur length per se has not been subject to direct selection in this study. It seems, therefore, as if the conditiondependent expression of spur length has not been distorted by the selection on comb size, although the two ornaments may be genetically correlated (Table  5) . Spur length was also positively correlated with testes mass, both phenotypically (both lines; Tables  2 and 3 ) and genetically (line S; Table 5 ).
Male ornaments and female choice
Several authors (Burley, 1981; Wittzell, 1991a; Zuk et al., 1992) have suggested that females select mates based on the assessment of several secondary male characters. If so, one may expect females to prefer males whose phenotypical expression of the traits lies above the population mean. The mate choice experiment in the present study distinguished a significant effect of the joint expression of comb size and spur length on female choice. As males from both line S (with large combs and short spurs, Table   1 ) and line C (with small combs and long spurs) were used in the mate choice trials, the experimental set-up consisted of male phenotypes with a significant negative correlation between CS29 and SL52. With geometric mean regression of comb size on spur length, or vice versa (Sokal & Rohlf, 1995) , males with a positive residual were preferred by the females in comparison with males whose residual was negative. The factors affecting the residual value of one ornament regressed against another are most likely manifested by nonadditive genes and by interaction with the environment. Considering the great phenotypic plasticity found in many secondary ornaments (Alatalo et a!., 1988; Zuk et a!., 1990b; Wittzell, 1991a; Johnson et at., 1993) and the ornaments' condition dependence (von Schantz et a!., 1989; Zuk et a!., 1990a; MØller, 1991b; Hill, 1991) , the magnitude and sign of the residual value may be dependent on phenotypic condition. We do not know how condition is inherited and we do not know whether genes that affect condition also have nonadditive effects on the phenotypic expression of secondary sexual ornaments. We note, however, that recent studies in birds have revealed that the offspring of more ornamented males may be more viable (Norris, 1993; Petrie, 1994; von Schantz et a!., 1994) , which indicates that females may improve some components of offspring fitness by their preference for more ornamented males.
